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Abstract
Weattemptedtoestimateone-weekaveragevalueofawaterpollutant,benzo(a）
pyrene(BaP),withanewsamplingmethodinalaboratoryJnresult,itwasconsidered
thatthesamplingmethodwasusefulfortheestimationoftime-weightedaveragevalue
for7daysonsurface-watercontainedＢａＰｏｆｐｐｂｌｅｖｅＬ
Ｈｏｗｅｖｅｒ,itwasdifficulttoapplythesamplingmethodinfield,becauseconcentra
tionsofＢａＰｉｎｗａｔｅｒｏｆｒｉｖｅｒ,ｌａｋｅａｎｄｓｅａｗｅｒｅｔｏｏｌｏｗ,namelypptlevel,ｔｏdetect
bythissamplingprocedure．
１．１ntroduction
Therearemanyreportsonexaminationofmutagenicityand/orlevelsofpolycyclic
aromatichydrocarbons(ＰＡＨs)innaturalwatersuchasriversandlakesTheirresults
areusuallyrepresentedatthetimeofthesampling,namelyspot-sampling・Afrequent
spot-samplingofwateratthesamesiteisoftenrequiredtoobtainobjectiveestimation，
withmuchtimeandefforts、
Inourpreviousreport1)，themutagenicityandBaPpollutionoftheseawaterwere
monitoredforonedaybyhangingbluerayon(BR),thatadsorbsspecificallyPAHs
withthreeormorefusedrings2)lnaddition，wereportedamethodtoobtainone
daｙ－ＴＷＡｏｆＰＡＨｓｕｓｉｎｇｓｏｌｉｄｐｈａｓｅｅｘｔｒactioncartridgesandaportablepump3)．
Ｔｈｉｓｔｉｍｅ,ｗｅｓｅｔｕｐａｓａｍｐｌｅｒｔｏｏｂｔａｉｎｏｎｅｗｅｅｋ－ＴＷＡｏｆＢａＰｉｎｓｕｒｆａｃｅ－ｗａｔｅｒ
ｗｉthoutpowersupply:amodifiedsamplerreportedbyuspreviously4).Thenwetested
itsperformanceusingexperimentalaquariumwithBaPdosingcolumn．
2．MaterialsandMethods
Theexperimentalapparatususedherewasamodificationofasystemreported
ＹｕｓａｋｕＮｏＧＡＭＩ・ＲｙｏｋｏＩＭＡＥＤＡ・ＳｈｏｈｅｉＫＩＲＡ100
previously5).Wepreparedalaboratoryglassaquarium,６５(ｗ)×30(d)×35(h)cminsize
containing30Lwateratthestartoftheexperiment・ThewatercontainingBaP
(TokyoKaseiCo.,Tokyo,Japan)wascontinuouslysuppliedfromadoｓｉｎｇｃｏｌｕｍｎａｔ
ａｆｌｏｗｒａｔｅｏｆ２０－３０ｍＬ/ｍｉｎ(Fig.１）
WhentheBaPconcentrationoftestwaterbecameconstant,thewaterwassampled
continuouslyｗｉｔｈＴＷＡ－ｓａｍｐｌｅｒｓｈｏｗｎｉｎＦｉｇ２ｗｉｔｈinacertainperiodoftime・Ｔｈｅ
ｗａｔｅｒｗａｓｓｌｏｗｌｙｓｕｃｋｅｄｕｐｆｒｏｍｔｈｅｂｏｔｔｏｍｅｎｄｏｆｔｈｅｓａｍｐｌｉｎｇｐｉｐｅｆｉｌｌｅｄＯ５ｇＢＲ
(FunakoshiChemicals,Tokyo,Japan)duetothecapillarypotentiaLThewatervolume
passedthrougｈｔｈｅｓａｍｐｌｉｎｇｐｉｐｅｗａｓｅｓｔｉｍａｔｅｄｂｙtheweight-differenceofsilicagel
inairtightbox(chamber)．
BaPintheaquariumwaterwasquantifiedfromspot-samplesobtainedperiodically
byextractionwithpetroleumether6)．ProceduresforBaPextractionfromBRwere
describedinapreviousreport7)．
ＦｏｒｔｈｅａｎａｌｙｓｉｓｏｆＢａＰｗｉｔｈＨＰＬＣ（TosohCo.，Tokyo，Japan)，ａｃｏｌｕｍｎｏｆ
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Nova-PakC18，４micrometer，150×3.9ｍｍ（Waters，MilliporeCo.）coupledwith
fluorometricdetectiｏｎｗａｓｕｓｅｄＴｈｅｃｏｌｕｍｎ,whichwasmaintainedat40degreeby
useofanoven,waselutedwithacetonitrile-water(65:35)ataflowrateoflmL/ｍｉｎ
Ｔｈｅｆｌｕｏｒｏｍｅｔｅｒｗａｓｓｅｔａｔ３６５ｎｍｆｏｒｅｘｃｉｔａｔｉｏｎａｎｄａｔ４０５ｎｍｆｏｒｅｍｉｓsion．
3．ResultsandDiscussion
BZzP-co"Ce"伽/わ〃ノ〃ａ９Ｍｚ”"腕
Ｆｉｇ３ｓｈｏｗｓａｎｅｘａｍｐｌｅｏｆｔｉｍｅｃｏｕｒｓｅofBaPconcentrationintheglassaquarium、
Theconcentrationwasstabｌｅａｆｔｅｒ４ｄａｙｓａｎｄｔｈｅＢａＰｌｅｖｅｌｗａｓｍaintainedatabout
O2ppb,regardlessoftheoperationconditionsuchasaｓｉｚｅｏｆｄｏｓｉｎｇｃｏｌｕｍｎａｎｄｆｌｏｗ
ｒateofthewater､ThereafteritwasdifficulttoobtainadesiredlevelofBaPwiththe
experimentalapparatus
WIz〃zﾉ0/"加叩assecﾉﾉﾉｚ７'Ｄｚ４ｇﾉtﾉﾉﾉＣｓα”肋Ｚｇ”c
Atfirst,weconfirmedthattheincreaseofweightofsilicagelinthebox(chamber）
waswater-volumepassedthroughthesamplingpipeinasamplingperiod(Tableｌ）
Theincreaseofweightofsilicagelwasproportionalnearlywithdaysofsampling，
thoughtheincrease-ratedecreasedgraduallywiththelapseofsampliｎｇｄａｙｓ(Fig.４)．
Ｗｈｅｎｗｅｐｌａｃｅｄ２００ｇｓｉｌｉｃａｇｅｌｉｎｔｈｅｂｏｘ，theincreaseratewasconstantduring
aboutforlOdaysThoughalittleeffectofwatertemperatureontheincreaseinthe
ratewasobserved,theamountofwaterpassedthroughthesamplingpipewaswithin
thelimitoferrorofrepeat-measurement・
肋ＣＯ２ﾉｅ７ｙｍ蛇Cl／ａｚＰ／〉ｗ,ｃＢＲ
ＷｅｅｘａｍｉｎｅｄｒｅｃｏｖｅｒｙｒａｔｅｏｆＢａＰｆｒｏｍＢＲａｓｆｏｌｌｏｗｓＴｈａｔｉｓ,BaPsolutionofa
constantvolumewaｓａｄｄｅｄｔｏＢＲ，ａｎｄｔｈｅＢａＰａｄｓｏｒｂｅｄｔｏＢＲｗａｓｅｌｕｔｅｄｗｉｔｈ
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Ｔｉｍｅ（days）
Ｆｉｇ．３ＴｉｍｅｃｏｕｒｓｅｏｆＢａＰｃｏｎｃｅｎｔｒａｔｉｏｎｉｎaquarium
TableｌＥｘａｍｉｎａｔｉｏｎｏｎｌｅａｋｏｆａｉｒｉｎｔｏａｉｒtightboxfilledwithsilicagel
timeelapsed(days） ３ ５ ７ 10
increaseofsilicagel(9) 1.26 1.68 2.02 2.43
rateofincreaseofsilicagel(g/d） 0.42 ０．３４ 0.29 0.24
ＹｕｓａｋｕＮｏＧＡＭＩ・ＲｙｏｋｏＩＭＡＥＤＡ・ShoheiKIRA102
methanol-concentratedammonia(50:l).ＴｈｅｒｅcoveryrateofBaPfromBRwasabout
4０％bythesingleextraction(Table２)．
Ｔｍ/２４〃γ/咽ｏ〃ｅｚ(ﾉ“ん
Ｔａｂｌｅ３ｓｈｏｗｓｓｏｍｅｅｘａｍｐｌｅｓｏｆＢａＰａｍountobtainedbycontinoussamplingduring
oneweekTWAsduringoneｗｅｅｋ(ＴＷＡ－７ｄ)wereestimatedfromtheirdataTheir
valueswereneartoaverageconcentrationofBaPduringsamplingperiodinthe
aquarium,Then,weconsideredthatthesamplingmethodwasusefulforestimationof
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Table２RecoveryrateofBaPfrombluerayon
amountadsolved，ｎｇ ８ ８８５０５０５０
amountdissolved，ｎｇ 3.5３．５３．６２４１６．９17.0
Recoveryrate,％ 4４４４４５４８３４３４（415）
（）：averagevalueofrecoveryrate
Table３０ｎｅ－ｗｅｅｋＴＷＡｓｏｂｔａｉｎｅｄｗｉｔｈＴＷＡｓａｍｐler
ＲｕｎＮｏ． ２１ ３
(a）ＡｍｏｕｎｔｏｆＢａＰｅｌｕｔｅｄｆｒｏｍＢＲ,、９ １．９８ 1．０１ 1.19
(b)Valuecorrected(alng＊ 2.52 2.984.95
(c)Watervolumepassedthrough,ｍＬ.＊ 2６ 2２ 2３
(d)ＥｓｔｉｍａｔｅｄＴＷＡｏｆｏｎｅｗｅｅｋ,ｐｐｂ 0.19 0.11 ０．１３
(e）BaPconcentrationinaquarium,ｐｐｂ ０．１４ 0.19 0.18
＊valueｏｆ(a)ｗａｓｄｉｖｉｄｅｄｂｙＯ４ｏｆｒｅｃｏｖｅｒｙｒａｔｅｏｆＢａＰｆｒｏｍＢＲ
*＊estimatedfromweight-increaseofsilicagel
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Table４RelationshipbetweensamplingperiｏｄａｎｄＴＷＡ
Samplingperiod(days） １ ３ ５ 1０
ConcofBaPinaquarium(ppb） 0.18 0.18 0.17 0.20
TWAestimated(ppb） ０．２５ 0.27 0.14 0.09
ＴＷＡ－７ｄｏｆＢａＰｉｎｗａｔｅｒａｔｐｐｂｌｅｖｅｌ，However,wedidnotexaminetherelationship
betweenBaPconcentrationinwaterandTWA-7dbecauseitwasdifficulttoadjustthe
BaPlevelasdesiredfortheexperiment・
ルノtztjo"s姉Ｍｚ(ﾉCe〃ｓα”ﾉﾉ孵りe伽CIM〃TWA
ArelationshipbetweensamplinｇｐｅｒｉｏｄａｎｄＴＷＡｗａｓｅｘａｍｉｎedinthetestwater
ofconstantBaPConcentration(Table４).TWA-lOdwaslowerthanaveragevaluｅｏｆ
ＢａＰｉｎｔｈｅａｑｕａｒｉｕｍＯｎｔｈｅｏｔｈｅｒｈand,ｔｈｅＴＷＡｓｏｂｔａｉｎｅｄｉｎｔｈｅｓａｍｐｌｉｎｇｏｆafew
dayswerehigherthantheaveraｇｅｖａｌｕｅｏｆＢａＰｉｎｔｈｅａｑｕａｒｉｕｍＴｈｅｐｈenomenon
maybeexplainedthatthewａｔｅｒｉｎｔｈｅｓａｍｐｌｉｎｇｐｉｐｅｄｏｅｓｎｏｔｃontainBaPatthe
beginningofsampling,ａｎｄｔｈｅｄiffusionofBaPoccursinthesamplingpipesimultane‐
ously・Namely,theamountofBaPtransferredwithdiffusionexceedtheonetransfer‐
redwithwatermovement・Ｉｎｔｈｅｃｏｕｒｓｅｏｆｔｉｍｅ，transferofBaPwithdiffusion
decrｅａｓｅｓａｎｄｔｈｅＢａＰｉｎｔｅｓｔｗａｔｅｒｉｓｔｒａnsferredconstantlyltisconsidereｄｔｈａｔａ
moderatesamplingperiodmaybenecｅｓｓａｒｙｉｎｕｓｅｏｆｔｈｅＴＷＡｓａｍｐｌｅｒ．
4．Conclusion
Toevaluatetheimpactofpollutantsinwatertotheecosystem,ｗｅｎｅｅｄｔｏｅｓｔｉｍａｔｅ
ｔｈｅａｍｏｕｎｔｏｆｐｏｌlutantsexposedtoaquaticbiota、Wetriedtoestimateone-week
averagevalueofexposuretomutagenicChemical，ＢａＰ,withanewsamplingmethod
inourlaboratorylnconclusion,itwasconsideredthatthesamplingmethodwasuseful
forestimationofTWA-7donwatercontainedBaPofppblevel
However，ｉｔｗａｓｄｉｆｆｉｃｕｌｔｔｏｔｅｓｔｔｈｅＴＷＡｓａｍｐlerinfield，becausetheBaP
concentrationsofriver,lakeandseaweretoolow,atpptleveLtoquantifybyour
proposedsamplingsystem．
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